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Abstract ± 0RVW RI WKH FXUUHQW ULVN TXDQWLILFDWLRQ WHFKQLTXHV EHLQJ DSSOLHG LQ WKH ILHOG RI
6XSSO\ &KDLQ 5LVN 0DQDJHPHQW FRQVLGHU ULVN IDFWRUV WR EH LQGHSHQGHQW 7KLV UHVHDUFK
FRQVLGHUV ULVNV DV LQWHUGHSHQGHQW WULJJHUV HYHQWV DQG FRQVHTXHQFHV :H SURSRVH D ULVN
TXDQWLILFDWLRQ IUDPHZRUN EDVHG RQ %D\HVLDQ EHOLHI QHWZRUN PRGHOLQJ WKDW LV DQ HIIHFWLYH
PHWKRG WR FDSWXUH WKH PHQWLRQHG LQWHUDFWLRQ EHWZHHQ YDULRXV ULVN IDFWRUV 7KH FRQIOLFWLQJ
LQFHQWLYHVDPRQJVWDNHKROGHUVLQDVXSSO\FKDLQFDQMHRSDUGL]HWKHVXFFHVVRIDSURMHFWDQG
WKHUHIRUH TXDQWLILFDWLRQ RI WKLV FDWHJRU\ RI ULVNV QDPHG DV µ*DPH WKHRUHWLF ULVNV¶ QHHGV
VSHFLDO FRQVLGHUDWLRQ:HKDYHDVVHVVHGJDPH WKHRUHWLF ULVNV LQ WKHGHYHORSPHQWSURMHFWRI
%RHLQJDLUFUDIW7KHJDPHWKHRUHWLFDQDO\VLVFDSWXUHVXQFHUWDLQW\RIWKH7LHUVXSSOLHUV
DERXWWKHFRVWIXQFWLRQVRIHDFKRWKHUDQGGHPRQVWUDWHVWKDWDQ\XQFHUWDLQW\RILQIRUPDWLRQLQ
D VXSSO\FKDLQFDQDGYHUVHO\DIIHFW WKH LQWHQGHGRXWFRPH)LQDOO\ZHKDYHGHVLJQHGD IDLU






6XSSO\ FKDLQ ULVN PDQDJHPHQW 6&50 LV DQ DFWLYH DUHD RI UHVHDUFK *KDGJH HW DO
6RGKLHWDO7KHUHH[LVWVDUHVHDUFKJDSRIH[SORULQJH[LVWLQJULVNTXDQWLILFDWLRQ
WHFKQLTXHVIURPRWKHUILHOGVIRUDSSOLFDWLRQLQWKHUHDOPRI6&50.KDQDQG%XUQHV
0RVW RI WKH DSSOLHG WHFKQLTXHV DVVXPH ULVNV DV LQGHSHQGHQW ZKHUHDV YDULRXV ULVN IDFWRUV
LQWHUDFW DQG LQRUGHU WRPRGHO WKH UHDO WLPH ULVNV WKHPRGHOLQJ WHFKQLTXHPXVW FDSWXUH WKH
LQWHUGHSHQGHQF\%DGXUGHHQHWDO)XUWKHUPRUHDQXPEHURIUHFHQWOLWHUDWXUHUHYLHZV







WKDW FDQ KHOS PDQDJHUV YLVXDOL]H WKH KROLVWLF YLHZ RI WKH LQWHUDFWLQJ ULVN IDFWRUV IRU
LPSOHPHQWLQJHIIHFWLYHULVNPLWLJDWLRQVWUDWHJLHV
:HSURSRVHDPRGHOLQJIUDPHZRUNEDVHGRQWKHWHFKQLTXHRI%D\HVLDQEHOLHIQHWZRUNV
4D]L HW DO  %D\HVLDQ EHOLHI QHWZRUNV %%1V FDQ FDSWXUH WKH LQWHUGHSHQGHQF\





/RFNDP\DQG0F&RUPDFN  /RFNDP\  'RJDQ DQG $\GLQ /RFNDP\DQG
0F&RUPDFN  'RJDQ  /RFNDP\  %DGXUGHHQ HW DO  2XU SURSRVHG
IUDPHZRUNFRQVLGHUVWKHDSSOLFDWLRQRIULVNTXDQWLILFDWLRQVFKHPHLQDKROLVWLFPDQQHU
*DPHWKHRU\LVWKHVWXG\RIVWUDWHJLFGHFLVLRQPDNLQJ*DPHWKHRU\FDQKHOSGHFLVLRQ
PDNHUV WDNH DSSURSULDWH GHFLVLRQV NHHSLQJ LQ YLHZ WKH FRQIOLFWLQJ LQFHQWLYHV DPRQJ
VWDNHKROGHUV LQD VXSSO\FKDLQ /XW]HW DO =KDRHW DO *DPH WKHRU\ LQYROYHV
PRGHOLQJ VLPXOWDQHRXVPRYH JDPHV DQG VHTXHQWLDOPRYH JDPHV *DPH WKHRU\ FDQ DVVHVV
ULVNVDVVRFLDWHGZLWKWKHXQFHUWDLQW\DERXWWKHLQIRUPDWLRQ
:H KDYH DQDO\]HG WKH GHYHORSPHQW SURMHFW RI %RHLQJ  WKURXJK WKH OHQV RI *DPH
WKHRU\7KHDQDO\VLVUHYHDOHGWKDWDQ\XQFHUWDLQW\DERXWWKHLQIRUPDWLRQLQDVXSSO\FKDLQFDQ









WKHRU\ FDQ DVVHVV WKH FRQIOLFWLQJ LQFHQWLYHV DPRQJ VWDNHKROGHUV 7KH TXDQWLWDWLYH K\EULG
PHWKRG ZLOO EH DSSOLHG WR D FDVH VWXG\ FRQFHUQLQJ WKH GHYHORSPHQW RI D QHZ FRPPHUFLDO
DLUFUDIW 7KH SURSRVHG ULVN PDQDJHPHQW PRGHO ZLOO EH EHQHILFLDO WR SURMHFW PDQDJHUV










x 7R GHYHORS PRGHOV IRU VHOHFWLQJ VXSSOLHUVVLWHV IRU DQ DHURVSDFH LQGXVWU\ EDVHG RQ
LQFRPSOHWHLQIRUPDWLRQ
x 7RGHYHORSDPRGHOFDSWXULQJULVNSURILOHVRIVXSSOLHUVLQDVXSSO\QHWZRUN





LW LV UHYHDOHG WKDW WKHUH DUH UHVHDUFK JDSV QHFHVVLWDWLQJ DSSOLFDWLRQ RI H[LVWLQJ ULVN
TXDQWLILFDWLRQWHFKQLTXHVLQRWKHUILHOGVWRWKHILHOGRI6&50DQGH[SORUDWLRQRIVXSSO\FKDLQ
ULVNV LQYROYHG LQ WKH GHYHORSPHQW SURMHFW RI D QHZ SURGXFW FRPPHUFLDO DLUFUDIW 7KH
















































x :KDW DUH WKH ULVNV LQYROYHG LQ WKH GHYHORSPHQW
SURMHFW RI D KLWHFK DYLDWLRQ SURGXFW QHZ
FRPPHUFLDODLUFUDIW"
x +RZ GR WKH PDQXIDFWXUHUV LQ DYLDWLRQ LQGXVWU\




x +RZ GR ZH GHYLVH DQ HIIHFWLYH PRGHO IRU
FDSWXULQJ FRPSOH[ LQWHUGHSHQGHQF\ EHWZHHQ ULVN
IDFWRUV"
x :KDWDUHWKHFRQIOLFWLQJLQFHQWLYHVRIVXSSO\FKDLQ
VWDNHKROGHUV LQ VXFK D SURMHFW DQG KRZ GR WKHVH
DIIHFWWKHSURMHFWREMHFWLYHV"
x +RZ GR ZH GHYLVH D VWUDWHJ\ WKDW DOLJQV WKH
FRQIOLFWLQJLQFHQWLYHV"
x +RZ GR WKH DYLDWLRQ PDQXIDFWXULQJ FRPSDQLHV
VHOHFW WKHLU VXSSOLHUV DQG PRQLWRU WKHLU
SHUIRUPDQFH"
x 'HYHORSPHQWRIDFRPSUHKHQVLYHULVNPDQDJHPHQW




x 'HYHORSPHQW RI PRGHOV IRU VHOHFWLRQ RI




x 'HYHORSPHQWRID VWUDWHJ\ IRUDOLJQLQJFRQIOLFWLQJ


























































Research Outcome and Contribution  
7KH UHVHDUFK SURMHFW ZLOO UHVXOW LQ WKH GHYHORSPHQW RI ULVN PDQDJHPHQW PRGHOV IRU
TXDQWLILFDWLRQDQGPLWLJDWLRQRIVXSSO\FKDLQULVNV7KHUHVHDUFKZLOODGGUHVVWKHUHVHDUFKJDS
RI H[SORULQJ ULVN TXDQWLILFDWLRQ WHFKQLTXHV LQ RWKHU ILHOGV IRU DSSOLFDWLRQ LQ WKH GRPDLQ RI






WKH VXSSOLHUV SURFHVV ULVNV DUH DVVRFLDWHG ZLWK WKH PDQDJHPHQW DQG SURFHVVHV RI WKH IRFDO
PDQXIDFWXUHU ZKLOH GRZQVWUHDP ULVNV DUH OLQNHG ZLWK WKH FXVWRPHUV ([WHUQDO ULVNV DUH QRW
DVVRFLDWHGGLUHFWO\ZLWKWKHVXSSO\FKDLQEXWWKHVHFDQGLUHFWO\DIIHFWWKHHQWLUHVXSSO\FKDLQ




















%RHLQJ KDG RXWVRXUFHG  SHUFHQW RI WKH GHYHORSPHQW DQG SURGXFWLRQ WDVNV LQ WKH
GHYHORSPHQWRI%RHLQJDLUFUDIW7DQJHWDO=KDR0RUHWKDQSHUFHQWRI
WKHIXVHODJHZDVSODQQHGWREHPDGHRIFRPSRVLWHPDWHULDO,QRUGHUWRPLWLJDWHWKHILQDQFLDO




















































݅ ൌ ൜݉ ሺܤ݋݁݅݊݃ሻݏ ሺܵݑ݌݌݈݅݁ݎሻ
7KH YDULDWLRQ RI GLUHFW FRVW ZLWK WKH WDVN GXUDWLRQ LV VKRZQ LQ )LJ  ZKLOH WKDW RI
LQGLUHFWFRVWZLWKWKHSURMHFWGXUDWLRQLVGHSLFWHGLQ)LJ,IDVXSSOLHUGHOD\VLWVWDVN'LW




















:HDQDO\]H WKHJDPHEHWZHHQ WZRVXSSOLHUV LQFRUSRUDWLQJ WKHXQFHUWDLQW\RIERWK WKH
VXSSOLHUV UHJDUGLQJ WKH W\SH RI RWKHU RQH LQ WHUPV RI WKH UHODWLYH IXQFWLRQV RI SHQDOW\ DQG
VDYLQJ%RWKWKHVXSSOLHUVDUHXQFHUWDLQDERXWWKHSD\RIIVRIHDFKRWKHU7\SHµ/¶LQGLFDWHV
WKHVXSSOLHUKDYLQJSHQDOW\JUHDWHU WKDQ WKHFRUUHVSRQGLQJVDYLQJZKLOH W\SHµ+¶ UHSUHVHQWV
WKH VXSSOLHU ZKRVH VDYLQJ LV JUHDWHU WKDQ WKH UHODWLYH SHQDOW\ DVVRFLDWHG ZLWK WKH GHOD\






















µ+¶ UHVSHFWLYHO\ $IWHU FRQVLGHULQJ WKH UHVXOWV RI DOO WKH IRXU H[SHFWHG SD\RII WDEOHV LW LV
UHYHDOHGWKDW^''''DQG.'.'`DUHWKH%D\HVLDQ1DVKHTXLOLEULDRIWKLVJDPH





 ݌ ൒ ݏଵሺݔଵሻ݌ଵሺݔ௦ ൅ ܺ௠ሻ Ƭ ݍ ൒ ݏଶሺݔଶሻ݌ଶሺݔ௦ ൅ ܺ௠ሻ ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻሽƬ ሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻሽ ܽݎ݁ ܤܽݕ݁ݏ ܰܽݏ݄ ܧݍݑ݈ܾ݅݅ݎ݅ܽ ݌ ൐ ݏଵሺݔଵሻ݌ଵሺݔ௦ ൅ ܺ௠ሻ Ƭ ݍ ൐ ݏଶሺݔଶሻ݌ଶሺݔ௦ ൅ ܺ௠ሻ ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻሽ݅ݏ ݌ܽݎ݁ݐ݋݋݌ݐ݈݅݉ܽ ݏ݋݈ݑݐ݅݋݊ 
2WKHUZLVHLQDOORWKHUFRQGLWLRQVሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻሽ݅ݏ ݐ݄݁ݑ݊݅ݍݑ݁ܤܽݕ݁ݏ ܰܽݏ݄ ܧݍݑ݈ܾ݅݅ݎ݅ݑ݉ 
7KH SUHYLRXV JDPH DVVXPHG WKDW %RHLQJ ZRXOG FRPSOHWH LWV WDVN LQ WLPH 1RZ ZH
LQFRUSRUDWHDSRVVLELOLW\RI%RHLQJH[SHGLWLQJLWVWDVN(EXWWKHUHLVDQXQFHUWDLQW\DVVRFLDWHG
ZLWK WKH SRVVLELOLW\ RI SURMHFW QRW JHWWLQJ FRPSOHWHG LQ WLPH 7KH FRPPRQ EHOLHI DERXW WKH
XQFHUWDLQW\ LV UHSUHVHQWHG E\ r DV HDFK RI WKH VXSSOLHUV ZLOO KDYH SULRU EHOLHI WKDW WKH SURMHFW
ZRXOGQRWEHFRPSOHWHGLQWLPHEHFDXVHRIGHOD\LQWKHILUVWSKDVHRISURMHFW7KH%D\HVLDQ1DVK
HTXLOLEULDRIWKLVJDPHDUHDJDLQ^.'.'`DQG^''''`
,QD ORVVVKDULQJSDUWQHUVKLSEHWZHHQ WZRVXSSOLHUVDQG2(0ERWK WKH VXSSOLHUVZLOO
HLWKHUGHOD\RUNHHSWKHLUWDVNVXQGHUIROORZLQJFRQGLWLRQV
x %RWKWKHVXSSOLHUVEHLQJXQFHUWDLQDERXWWKHFRVWIXQFWLRQRIHDFKRWKHU
x $QXQFHUWDLQW\DVVRFLDWHGZLWK WKHSRVVLELOLW\RI2(0H[SHGLWLQJ LWV WDVN WRFRYHUXS
WKHGHOD\FDXVHGE\VXSSOLHUV










































ܦǡ ܦሻǡ ሺܦǡ ܦ
݌ כ ݎ ൐ ݌ሻሽ݅ݏ ݌ܽݎ݁ݐ݋
2WKሻሽ݅ݏ ݐ݄݁ݑ݊
ݏଵሺݔଵሻଵሺݔ௦ ൅ ܺ௠ሻ݋݌ݐ݈݅݉ܽ ݏ݋
HUZLVHLQDO݅ݍݑ݁ܤܽݕ݁ݏ













































 . 	? െሼ૚ െ ࢖ሽ࢖૚ሺ࢙࢞ ൅ ࢄ࢓ሻ െ݌݌ଵሺݔ௦ ൅ ܺ௠ሻ െ݌ଵሺݔ௦ ൅ ܺ௠ሻ









 . 	? െሼ	? െ ݌ሽ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ െ݌݌ҧଵሺݔ௦ ൅ ܺ௠ሻ െ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ










 . 	? െሼ૚ െ ࢗሽ࢖૛ሺ࢙࢞ ൅ ࢄ࢓ሻ െݍ݌ଶሺݔ௦ ൅ ܺ௠ሻ െ݌ଶሺݔ௦ ൅ ܺ௠ሻ









 . 	? െሼ	? െ ݍሽ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ െݍ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ െ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ
' ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ࢙ത૛ሺ࢞૛ሻ െ ࢖ഥ૛ሺ࢙࢞ ൅ ࢄ࢓ሻ
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A.   Theorem 












/HW ݎ UHSUHVHQW FRPPRQ EHOLHI RI WKH VXSSOLHUV DERXW WKH SRVVLELOLW\ RI 2(0 QRW
H[SHGLWLQJ LWV WDVN LQ RUGHU WR FRYHU XS WKH GHOD\ RI 3KDVH , /HW݌௜௝ UHSUHVHQW EHOLHI RI D
VXSSOLHU i DERXW WKH FRVW IXQFWLRQV RI RWKHU VXSSOLHU j EHLQJ RI WKH IRUP ƍ݌௝ሺݔ௦ ൅ ܺ௠ሻ ൐ݏ௝൫ݔ௝൯ƍZLWKpDQGsLQGLFDWLQJWKHSHQDOW\DQGVDYLQJFRVWIXQFWLRQVUHVSHFWLYHO\

Conditions: 
x ݂݅ 	? ݎ כ ݌௜௝ேିଵ௝ୀଵ ൒ ௦೔ሺ௫೔ሻ௣೔ሺ௫ೞା௑೘ሻ ݐݕ݌݁	?݋݂ݏݑ݌݌݈݅݁ݎ݅ݓ݈݈݅݇݁݁݌݅ݐݏ ݐܽݏ ݇ 
x ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻǡ ǥ ǡ ሺܭǡ ܦሻேሽƬሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻǡ ǥ ǡ ሺܦǡ ܦሻேሽ ܽݎ݁ ܤܽݕ݁ݏ ܰܽݏ݄݁ݍݑ݈ܾ݅݅ݎ݂݂݅ܽ݅ෑ ݎ כ ݌௜௝ேିଵ௝ୀଵ ൒ ݏ௜ሺݔ௜ሻ݌௜ሺݔ௦ ൅ ܺ௠ሻ ݂݋ݎ ݁ݒ݁ݎݕ ݐݕ݌݁ ܮ ݋݂ ݏݑ݌݌݈݅݁ݎ ݅  
x ܱݐ݄݁ݎݓ݅ݏ݁ǡ ݅݊݈݈ܽ ݋ݐ݄݁ݎܿܽݏ݁ݏǡ ሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻǡ ǥ ǡ ሺܦǡ ܦሻேሽ݅ݏݐ݄݁ ݑ݊݅ݍݑ݁ ܰܽݏ݄ ݁ݍݑ݈ܾ݅݅ݎ݅ݑ݉ ݐ݄݁݌ݎ݋݆݁ܿݐݓ݈݈݅ ܾ݁݈݀݁ܽݕ݁݀ሺ݁ݒ݁݊ ݂݅ ݈݈ܽ ݐ݄݁ ݏݑ݌݌݈݅݁ݎݏ ܽݎ݁ ݋݂ ݐݕ݌݁ ܮሻ 

7KXV LQ D VXSSO\FKDLQXQFHUWDLQW\DERXW WKH LQIRUPDWLRQRIRWKHUSDUWQHUV UHVXOWV LQ
WKH ZRUVW VHOHFWLRQ RI DFWLRQV E\ HDFK RI WKH SDUWQHUV 7KH VDPH SKHQRPHQRQ FDQ EH EHVW










VXSSOLHUV KDYLQJ H[SHGLWHG WKHLU WDVNV %RHLQJ ZRXOG KDYH WR SD\ WKH UHZDUG WKDW GLG QRW
PDWHULDOL]H EHFDXVH RI LWV GHOD\ 6LPLODUO\ LI D VXSSOLHU LV LQYROYHG LQ WKH GHOD\ LW ZLOO EH






 ߙ௠ ൌ ܺ௠ െ ݔ௠ܺ௠ ൅ ܺ௦ െ ݔ௦ െ ݔ௠


ߚ௠ ൌ ݔ௠ െ ܺ௠ݔ௠ ൅ ݔ௦ െ ܺ௦ െ ܺ௠


෍ ߙ௝ ൌ 	 ?௝ୀ௦ǡ௠  ෍ ߚ௝ ൌ 	 ?௝ୀ௦ǡ௠  ݎ௦൫ݔ௝൯ ൌ෍ݎ௜൫ݔ௝൯ே௜ୀଵ ݂݋ݎ ݆ ൌ ݏǡ݉ ݌௦൫ݔ௝൯ ൌ෍݌௜൫ݔ௝൯ே௜ୀଵ ݂݋ݎ ݆ ൌ ݏǡ݉ 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ULVNV DV LQWHUGHSHQGHQW IDFWRUV 2XU SURSRVHG IUDPHZRUN FDSWXUHV WKH LQWHUGHSHQGHQF\
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FRQIOLFWLQJLQFHQWLYHVRIVWDNHKROGHUVFDQSRVHDVHULRXVWKUHDWWRWKHVXFFHVVRIDSURMHFW2XU
DQDO\VLV RI WKH VWUDWHJLF SDUWQHUVKLS EHWZHHQ %RHLQJ DQG 7LHU VXSSOLHUV LQYROYHG LQ WKH
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LQFHQWLYHVDPRQJVWDNHKROGHUV LQVXFKDSDUWQHUVKLS0RGHOLQJRI LQWHUGHSHQGHQF\EHWZHHQ
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